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S30Objective: Repair of the bicuspid aortic valve may be performed in aortic regurgitation and aneurysm. Dilata-
tion of the atrioventricular junction has been identified as a risk factor for repair failure, and we have used suture
annuloplasty to correct atrioventricular junction enlargement. The objective was to compare the early results of
aortic repair with and without annuloplasty.
Methods: Between November 1995 and January 12, a total of 559 patients were treated with bicuspid aortic
valve repair for predominant regurgitation (n ¼ 389), aortic aneurysm (n ¼ 158), or acute dissection (n ¼ 12).
Isolated valve repair (aortic valve repair) was performed for aortic valve regurgitation with preserved aortic
dimensions (n ¼ 208) and sinotubular junction remodeling plus valve repair for aortic aneurysm and preserved
root size (n ¼ 116). Root remodeling was used for dilatation involving the root (n ¼ 235). In 193 patients,
dilatation of the atrioventricular junction (>27 mm) was corrected with suture annuloplasty.
Results:Hospital mortalitywas 0.5% (n¼ 3); 2 patients required pacemaker implantation. Reoperationwas nec-
essary for recurrent regurgitation (n¼ 54) or stenosis (n¼ 2); 10-year freedom from reoperationwas 82% butwas
inferior after isolated valve repair (70%, P¼ .007) compared with the 2 other techniques. Application of suture
annuloplasty improved 3-year freedom from reoperation after isolated repair (84%) to 92% (P ¼ .07). In all
groups, the proportion of patients with no or trivial regurgitation was significantly higher with annuloplasty.
Conclusions: Preservation of the bicuspid aortic valve is feasible in many patients. Long-term stability of the
repaired valves is good; the negative impact of a dilated atrioventricular junction can be reduced by suture an-
nuloplasty. (J Thorac Cardiovasc Surg 2013;145:S30-4)Bicuspid aortic valve (BAV) is the most frequent congenital
cardiac anomaly.1 A relevant proportion of those with BAV
will require surgical treatment for aortic regurgitation (AR),
even though hemodynamically normal function of BAVs
has been observed in the seventh decade of life.2 Aneurys-
mal aortic dilatation develops in more than 50% of individ-
uals with BAV,3,4 either involving the root primarily or with
predominant dilatation of the tubular ascending aorta.
Reconstruction of the regurgitant BAV was proposed as
early as 1992 with excellent early results.5 It was shown
that concomitant aortic dilatation could be treated simulta-
neously by root replacement or sinotubular junction remod-
eling.6,7 Subsequent studies showed a relevant proportion of
repair failures in patients with BAV.8,9 Different predictors
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The Journal of Thoracic and Cardiovascular Surgtriangular resection as part of the cusp repair.9 We found
that symmetric postoperative prolapse was a relevant cause
of failure that could be minimized reproducibly by system-
atically measuring and correcting effective cusp height.7 In
a recent larger investigation, we found that anatomic de-
nominators of the BAV, in particular marked dilatation of
the atrioventricular junction (AVJ), remained a predictor
of midterm repair failure.10 After valve-preserving root re-
placement including the tricuspid aortic valves, preopera-
tive dilatation of the AVJ was a predictor of valve failure.11
On the basis of these results, we modified the repair proce-
dure in those with BAV by adding suture annuloplasty to cor-
rect dilatation of the AVJ. The current analysis compares the
early results of ourdifferential treatment of thevalve andaortic
pathology and analyzes the effect of the annuloplasty suture.
PATIENTS AND METHODS
Between November 1995 and January 2012, a total of 559 patients (485
male, aged 3-86 years; mean, 47.2 14.1) were treated by valve preserva-
tion or repair of BAV at the Saarland University Medical Center.
The predominant pathology was AR (n ¼ 389), aortic aneurysm
(n ¼ 158), or acute dissection (n ¼ 12). The operations initially were per-
formed without correcting dilatation of the AVJ. Since December 2008, di-
latation of the AVJ (>27 mm) has been corrected with a circumferential
annuloplasty suture. Thus, 366 patients were treated without an annulo-
plasty and 193 patients were treated with an annuloplasty. The early out-
comes without and with annuloplasty were compared. The study was
approved by the local ethics committee and approved for publication of
the patient data in an anonymous fashion.ery c March 2013
Aicher et al Panel 1Abbreviations and Acronyms
AR ¼ aortic regurgitation
AVJ ¼ atrioventricular junction
BAV ¼ bicuspid aortic valveThe patients were treated with a consistent technique,7 although slight
modifications were made over time. Isolated valve repair was performed
for AR with preserved aortic dimensions (<42-45 mm; n ¼ 208). Sinotub-
ular junction remodeling plus valve repair was chosen for aortic aneurysm
(>45-50 mm) and preserved root size (n¼ 116); root remodeling was used
for dilatation involving the root (n ¼ 235).
The degree of AR ranged from trivial (0) to severe (4), with a mean of
2.6 1.1. There was no significant difference between mean severity of re-
gurgitation between the initial cohort (2.5 1.1) and the 193 patients with
annuloplasty (2.8  0.9; P ¼ .07). The mean diameter of the AVJ was
27.8  2 mm in those without annuloplasty (n ¼ 366) and 31.9  3 mm
in those with annuloplasty (P<.0001). Cardiac comorbidity requiring ad-
ditional treatment included mitral regurgitation (n¼ 20), tricuspid regurgi-
tation (n ¼ 5), coronary artery disease (n ¼ 42), and atrial fibrillation
(n ¼ 20).
Cusp Repair Technique
The principles of cusp repair have been reported.7,10 Repair was pursued
if the nonfused cusp did not exhibit calcifications. First, any prolapse of the
nonfused cusp (commonly noncoronary) was eliminated using plicating
sutures. The redundancy of the fused cusps was reduced primarily using
plicating sutures on the free margin. Triangular resection with suture
adaptation was performed if fibrosis or limited calcifications in the raphe
made plication difficult. In the presence of more extensive calcifications,
a pericardial patch was inserted to bridge the defect in the fused cusps.
The diagnosis of prolapse initially was made by visual inspection. Since
December 2004, an effective height of the nonfused cusp of less than 9
mmwas considered as prolapse and corrected12; the fused cusp was always
adjusted to a height identical to the free margin. Plication of redundant cusp
tissue was performed in 454 instances, and triangular resection of cusp tis-
sue was performed in 181 cases. A pericardial patch was inserted for partial
cusp replacement in 181 valves.
Choice of Procedure
Isolated aortic cusp repair was performed if the ascending aorta was nor-
mal (<40 mm). Sinotubular junction remodeling was used if the sinotubu-
lar diameter determined by transesophageal echocardiography exceeded 35
mm and the maximum sinus diameter was less than 42 (body surface area
<2 m2) to 45 mm.13 Since November 2004, the graft was first sutured to the
sinotubular junction, and then cusp repair was performed only to detect and
eliminate any prolapse induced by reduction of sinotubular junction.7 Root
remodeling was performed as described previously.6 Graft size was gener-
ally chosen according to the body surface area of the patient (<1.8 m2: 24
mm; 1.8-2.2 m2: 26 mm;>2.2 m2: 28 mm).
Annuloplasty
A suture annuloplasty similar to procedures described by others14,15 was
performed whenever the atrioventricular diameter exceeded 27 mm. In the
initial 89 instances, a number 2 braided polyester suture (Ethibond,
Ethicon, Hamburg, Germany) was used; in the subsequent 104 cases,
a polytetrafluoroethylene suture was used (Gore-Tex CV-0; WL Gore
and Associates, M€unchen, Germany).
For isolated aortic valve repair, a suture was started from the inside of the
outflow tract 4 to 7 mm deep through septal muscle in a horizontal plane 2The Journal of Thoracic and Carmm below the nadir of cusp insertion, from the center of the right cusp to
the center of the left cusp. The posterior armwas then passed from the inside
to theoutside close to the left fibrous trigone andfixed tangentiallyoutside the
nadir of the noncoronary sinus. The anterior arm was passed from the inside
to the outside to the left of the membranous septum, leaving sufficient tissue
between suture and septum (Figure 1). It was similarly fixed tangentially out-
side the nadir of the noncoronary sinus. In conjunctionwith root remodeling,
the suture was passed only from the outside, passing through myocardial tis-
sue outside the right coronary cusp and just outside the nadir of the sinuses.
The suturewas tied aroundaHegar dilator, thus effectively reducing the atrio-
ventricular diameter; the size of the dilator was chosen according to the body
surface area of the patient (1.8 m2: 25 mm,<1.8 m2: 23 mm). All patients
were followed clinically and echocardiographically; follow-upwas complete
in 98% of patients (cumulative, 2559 years; mean, 4.6  3.6 years).
Statistical Methods
All continuous data are presented as mean standard deviation. Group
differences were tested by chi-square test for categoric variables and Stu-
dent t test for continuous variables. Kaplan–Meier curves were calculated
for survival, freedom from reoperation, and freedom from valve replace-
ment (Prism, GraphPad Inc, San Diego, Calif). Group differences in the
Kaplan–Meier analysis were tested by log-rank test.RESULTS
Three patients died in hospital, for a hospital mortality of
0.5%. These 3 deaths occurred in the 366 operations with-
out annuloplasty (0.8%); none were in patients with annu-
loplasty. Twelve patients died late; survival at 10 years was
96% after valve repair, 97% after sinotubular junction re-
modeling and 89% after root remodeling (P¼ .99). The in-
cidence of atrioventricular block requiring pacemaker
implantation was 0 of 356 in the initial group and 2 of
193 (1%) in the annuloplasty group.
The addition of annuloplasty to the procedure signifi-
cantly increased the proportion of aortic valves completely
competent or with only trivial regurgitation. This was seen
early after isolated repair (P ¼ .01) and 12 months postop-
eratively (P ¼ .038; Figure 2) and after root remodeling,
both early (P ¼ .00018) and at 1 year (P ¼ .001;
Figure 3). After sinotubular junction remodeling, there
was a trend at discharge (P ¼ .07) and significant improve-
ment at 12 months (P<.001; Figure 4).
Reoperation was necessary for recurrent regurgitation
(n¼ 54) or stenosis (n¼ 2). Ten-year freedom from reopera-
tionwas significantly inferior after isolatedvalve repair (70%)
comparedwith sinotubular junction remodeling (93%) or root
remodeling (89%; P ¼ .0007). Stabilization of the AVJ with
suture annuloplasty led to a trend in improved 3-year freedom
from reoperation after isolated valve repair from84% to 92%
(P ¼ .07; Figure 5). The aortic valve suture had no effect on
3-year freedom from reoperation for the complete cohort or
sinotubular junction remodeling and root remodeling.
Complications of the annuloplasty occurred in 5 individ-
uals (2.6%). Four complications occurred in the first 89 in-
dividuals; 1 complication was observed in the more recent
104 individuals. Obstruction or distortion of the proximal
circumflex artery was observed in 2 patients after isolateddiovascular Surgery c Volume 145, Number 3S S31
FIGURE 1. Annuloplasty suture as applied in isolated aortic valve repair.
FIGURE 3. Postoperative degree of AR at discharge and 12 months after
sinotubular junction remodeling plus cusp repair (- annular suture: without
annuloplasty, þ annular suture: with annuloplasty). ST, Sinotubular.
Panel 1 Aicher et alcusp repair, which was treated by removal of the annulo-
plasty suture. Erosion of the membranous septum occurred
in 3 individuals. In 2 patients, a braided polyester suture was
used; in 1 patient, a polytetrafluoroethylene suture was
used. The patients were treated by patch closure of the sep-
tum, in 2 with concomitant aortic valve replacement.DISCUSSION
Bicuspid anatomy of the aortic valve is not only the most
frequent cardiovascular anomaly but also of clinical rele-
vance. Many affected individuals will require aortic valve
surgery; treatment of regurgitation or aneurysmal dilatation
commonly is necessary at a younger age. The traditional
treatment of valve regurgitation has been aortic valveFIGURE 2. Postoperative degree of AR at discharge and 12 months after
isolated aortic valve repair (- annular suture: without annuloplasty,þ annu-
lar suture: with annuloplasty). AR, Aortic regurgitation.
S32 The Journal of Thoracic and Cardiovascular Surgreplacement. For concomitant aortic dilatation involving
the root, composite replacement of the valve and aorta has
been the standard treatment for several decades.16 Both me-
chanical and biologic prostheses have been found to carry
the risk of valve-related complications of 4% to 5% per pa-
tient year.17 The long-term risk of composite replacement of
valve and root with a mechanical prosthesis is more difficult
to determine on the basis of published data. It is noteworthy
that this seemingly durable solution seems to carry a yearly
risk of reoperation of 1%.18,19
Reconstructive surgery has become an attractive alterna-
tive to aortic valve replacement because of the absence of an-
ticoagulation and the decreased incidence of valve-related
complications.5-11,13,15,18-21 BAV repair has evolved over
the past 20 years.5-9 Isolated repair of the prolapsing fused
cusp initially was performed5; later, valve-preserving root
replacement6 and sinotubular junction remodeling7,13 were
added to correct concomitant aortic dilatation.FIGURE 4. Postoperative degree of AR at discharge and 12 months after
root remodeling (- annular suture: without annuloplasty, þ annular suture:
with annuloplasty). AR, Aortic regurgitation.
ery c March 2013
FIGURE 5. Freedom from reoperation after isolated aortic valve repair (- annular suture: without annuloplasty, þ annular suture: with annuloplasty).
IA, Isolated aortic valve repair.
Aicher et al Panel 1After initial enthusiasm over the technical simplicity of
repair (1 coaptation line), it was soon realized that the dura-
bility of valve repair was limited in a proportion of pa-
tients.8,9 Different predictors of failure were proposed,
and surgical techniques evolved to accommodate or
eliminate these risk factors. Nevertheless, some have
argued that any repair of BAVs would ultimately be
bound to fail because of degeneration into relevant
stenosis.22 Our current data do not support this hypothesis
in general; up to 16 years postoperatively, stenosis requiring
repeat surgical treatment has been rare. Reoperation has
mostly been required for recurrent regurgitation.
Itwas found that prolapseof the nonfused cusp alsomaybe
present and require additional correction7; the concept of ef-
fective height became a helpful addition in our experience.12
More recently, anatomic characteristics of the valve, such as
the diameter of the AVJ or orientation of the 2 normal com-
missures, predicted valve stability.10 In particular,marked di-
latation of the AVJ, which is frequent in AR, led to a high
probability of late repair failure.10 We have also identified
a largeAVJ as a risk factor for failure invalve-preserving aor-
tic surgery.11 These findings prompted us to change the oper-
ative strategy to explore whether additional stabilization of
the AVJ would improve the results of BAV repair further in
analogy to the results of ring annuloplasty in mitral repair.
The concept of treating dilatation of the AVJ in aortic
valve repair is not new.14 David and Feindel21 created an op-
eration that specifically addressed this aspect. It has been ar-
gued that valve reimplantation within a vascular graft would
minimize valve failure; in our experience, this did not elim-
inate the dilated AVJ as a predictor for reoperation.11 The
implantation of an external annular support has been prop-
agated as an alternative solution.23 The results were prom-
ising, but the application lacked a well-defined control
group.23 In addition, these 2 approaches may have some
drawbacks. Valve reimplantation is an aggressive operation
and has been shown to result in abnormal cusp motion.24
This procedure may be difficult to perform if the basalThe Journal of Thoracic and Carring is widely apart from the AVJ,25 which we observe in
the right sinus in approximately 20% to 30% of our oper-
ations. In these instances, fixation of the valve within the
graft is bound to lead to a certain degree of anatomic distor-
tion or would require incising the right ventricle to achieve
adequate graft placement. Implantation of an external ring
has some advantages over the reimplantation procedure in
terms of technical ease; the same anatomic limitations re-
garding AVJ and basal ring anatomy apply. In addition,
many aspects of optimal material and placement are still un-
clear.26 This was the reason for us to apply a technique of
annular support similar to that proposed by Taylor and col-
leagues14 and Svensson.15
Our follow-up data confirmed the hypothesis that suture
annuloplasty could reduce and stabilize the AVJ diameter
without distortion of the aortic root. For valve-preserving
root replacement and sinotubular junction remodeling, our
current results do not yet clearly confirm the need for an ad-
ditional support. Nevertheless, the early results showed
a significantly higher proportion of completely competent
aortic valves despite significantly larger AVJs. Up to 3
years, this did not translate into a clinical advantage, that
is, decreased risk of reoperation. This may be related to
some complications as part of the early learning curve in ap-
plying the annular suture. Alternatively, one might argue
that the durability of valve function in this context was al-
ready good, and a longer follow-up would be required to de-
tect a clinical advantage.
A different picture was observed for isolated aortic valve
repair. In this subgroup, the proportion of completely com-
petent valves was significantly higher with the annuloplasty.
In addition, up to 3 years postoperatively there was a trend
toward improved durability, that is, freedom from reopera-
tion. At this time, this trend is not significant, and further
follow-up will be necessary to confirm the observations.
However, the clinical observations were impressive in that
complete stability of aortic valve function and dimensions
have been found in the majority of patients.diovascular Surgery c Volume 145, Number 3S S33
Panel 1 Aicher et alWe have indeed seen complications related to the addi-
tion of the annular suture, even though the overall incidence
was low. The risk of atrioventricular block was 0.5% and
thus similar to aortic valve replacement; it is conceivable
that the incidence could be reduced further by completely
external placement, thus keeping the annuloplasty further
away from the bundle of His. Of greater concern was the
erosion of the membranous septum, which occurred in
1.5% of the patients. The mechanism was most likely re-
lated to the size of the suture, which will lead to more unfa-
vorable stress distribution compared with a wider
annuloplasty device. In addition, the braided polyester has
the advantage of tissue ingrowth, but also the known trau-
matic effect on tissue.
Obstruction of the circumflex artery was related to the su-
ture passed around the circumflex in 1 patient and distortion
of the epicardial tissue in 1 patient. The incidence is similar
to that of coronary obstruction in mitral repair.27 Although
this complication (if recognized early enough) can be
treated by removal of the suture, the approach has to be
modified to avoid it. If technically feasible, completely ex-
ternal placement with blunt dissection of an external tunnel
inferior to the left coronary artery should be able to mini-
mize the risk. We have not observed this complication after
root remodeling, for which the suture was always applied
externally. In addition, the first such complication has in-
creased our awareness of the problem, which can be de-
tected by paying more attention to ventricular function
during intraoperative transesophageal echocardiography.
We have developed a low threshold for removing the annu-
loplasty whenever there were concerns over coronary sup-
ply to the lateral wall.
Study Limitations
Limitations are related to the retrospective nature of the
current study. A prospective randomized investigation
seems justified on the basis of the current results. In addi-
tion, the current follow-up and cohort size are limited. Lon-
ger follow-up and experience with more patients will be
necessary to confirm the current findings.
CONCLUSIONS
This is the first report indicating that suture annuloplasty
may be used in conjunction with BAV repair to correct di-
latation of the AVJ. The early results indicate a positive ef-
fect on the proportion of almost or completely competent
aortic valves; there is a trend toward improved valve stabil-
ity after isolated repair of the aortic cusps. Further research
will be necessary to define the best material and best mode
of placement for such an annuloplasty to make it a safe rou-
tine component of aortic valve repair.
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